Abstract
Introduction
Lung disease, e.g. chronic obstructive pulmonary disorder (COPD) ranks No. 4 leading cause of death in the world [1] . For patients 65 years or below, lung transplantation may be considered appropriate. Yet before the scarce donated lung was acquired, they have to suffer from the pain for a long period [2] . The regeneration of distal lung tissue via tissue engineering thus raises the possibility to treat distal lung diseases as an alternative for organ shortage. [3, 4] [5] [6] [7] [8] [9] [10] [11] [12] . Scaffold is an important aspect of tissue engineering. Of critical importance in scaffold selection to develop of lung tissue are the elasticity and absorption kinetics of the material used. Porosity of the scaffold is also taken into consideration. In prior studies, many materials were used as scaffolds in lung tissue engineering, e.g. collagen [13] [14] [15] [16] [17] [18] [19] , Matrigel [13, 20, 21] , PLLA and PLGA [20] . Mondrinos et al . [20] acquired alveolar forming units (AFU) and SpC gene product by using Matrigel. PLLA and PLGA [20] were also employed as scaffolds to reconstruct 3D lung tissue in vitro, but these matrices failed to sustain the survival of distal lung epithelial cells. Gelfoam [22] was also used in rats to form porous structures similar to alveolar units. Degradable synthetic matrices used to engineer lung tissues include polyglycolic acid (PGA) [23] in the form of a felt sheet and PGA combined with pluronic F-127 (PF-127) [24] . A novel inverted colloidal crystal (ICC) [25] [29, 30] and uterine [31, 32] 
Gas exchange between air and blood mostly takes place in pulmonary alveoli (an important part of lung). Alveoli epithelial cells consist of type I (AE1) (Ͼ95%) and type II (AE2) (Ͻ5%) cells. AE2 cells synthesize and store surfactant protein in lamellar bodies and secrete it into the alveolar space. Such surfactant protein is responsible for stabilizing alveoli and decreasing surface tension, thus facilitating gas exchange

Isolation of FPCs
Unless mentioned otherwise, all cell culture materials were purchased from Fisher Scientific (Rome, Georgia). Foetal lungs were harvested from pups at gestational day 18 as previously described [15, 20] 
Preparation of microcapsules
We used the three-step encapsulation method to prepare empty microcapsules as described previously [33] . We chose as follow parameters: electrostatic field was 6 kV/1.5 cm, the speed of the pump was 15 [20] Fig. 1 B and D) . Cells were vimentin positive, suggesting the presence of fibroblasts (Fig. 1C) .
Reverse transcriptase-polymerase chain reaction
Reverse transcriptase polymerase chain reaction (RT-PCR) was utilized to detect steady-state mRNA expression of surfactant protein C (SpC) for AE2 cells. RT-PCR was carried out as previously described
Gross observation
In the static stretch casting mould, lung tissue sheets condensed after 2 days of culture and contracted gradually into a tetragonal shape ( Fig. 2A) . After cultured 14 days in vitro, the sheets contracted in a butterfly-like shape upon stretch (Fig. 2B) . In 21 days of culture, they maintained their butterfly-like shape (Fig. 2C) . The four glass columns standing in the moulds resisted to contract and prevented the constructs from thickening, providing a static stretch at the same time. 
Inverted phase contrast microscope observation
The diameter of prepared APA microcapsules using aforesaid physical parameters was 200-300 m. We observed the lung tissue sheets under phase contrast microscope (Fig. 3A-C (Fig. 3A-C) . However, the amount of cells in 21-day-cultured sheet was less than that in 7 and 14 days. We noticed that seeding cells in part of sheets accumulated for growth (Fig. 3A and B , white arrow).
Histology and immunohistochemistry
Haematoxylin and eosin staining of sheets revealed branching spherical hollow structures (Fig. 4B-D (Fig. 4D) . (Fig. 5A-F) . Immunohistochemically, pan-CK-positive cells were concentrated as monolayer (Fig. 5A and D) around the alveolus-like structure. (Fig. 5H) .
Pan-CK, vimentin and SpC positive cells were observed in tissue sheets cultured for 7 and 14 days
Vimentin positive cells were evenly distributed in tissue sheets (Fig. 5B and E). In addition, AE2 cells were localized in collagen/Matrigel-APA constructs, as illustrated by pro-surfactant protein C immunostaining (Fig. 5C and F). We found pan-CK-positive cells and SpC-positive cells decreased in 21-day-cultured lung tissue sheets (Fig. 5G and I). No vimentin-positive results in 21-day-cultured lung tissue sheets
Reverse transcriptase-polymerase chain reaction
To demonstrate the importance of 3D culture for maintaining distal epithelial gene expression associated with the function of 
Fig. 5 Immunohistochemical analysis of reconstructed lung tissue sheets in vitro. (A, D) Pan-CKpositive cells were concentrated as a monolayer around of the alveolus-like structures in sheets after 7 and 14 days of culture. (B, E) Vimentin positive cells were distributed in reconstructed tissue sheet after 7 and 14 days of culture. (C, F) SpCpositive cells were detected in sheets after 7 and 14 days of culture. (G, I) Pan-CK-positive cells and SpC-positive cells decreased in 21-day-cultured lung tissue sheets. (H) There were no vimentinpositive results in 21-day-cultured lung tissue sheets. Bars ϭ 100 m.
alveolus-like morphogenesis and sacculation (Fig. 4) 
Transmission electron microscopy
The ultrastructural analysis by TEM of reconstructed lung tissue sheets cultured 7 and 14 days in vitro showed the presence of sporadic lamellar bodies which stored various surfactants. In 7-day cultured tissue sheets, many lamellar bodies existed around the nucleus (Fig. 6 A) . The number of lamellar bodies in 14-day cultured tissue sheets decreased (Fig. 6B) . The result of lamellar bodies was also evident in previous reports [16] . In our study, the existence of lamellar bodies indicated AE2 cells were proved to maintain differentiated state in alveolus-like structures.
Discussion
In Based on prior studies [20] , [34] [35] [36] Fig. 5C and F) . In addition, SpC gene could be identified by RT-PCR (Fig. 6C) . Lamellar bodies were observed by TEM (Fig. 6A and B) . These results were homologous with the prior study by Mondrinos et al. [20] [6, [38] [39] . Collagen and Matrigel used as FPCs scaffolds in lung (A) 7 days, bar ϭ 1 m and (B) 14  days, bar ϭ 500 nm. (C (Fig. 2) and histological examination (Fig. 4) (Fig. 4B and C) . We also detected pan-CK, vimentin and SpC positive cells by immunohistochemistry, especially in 7-and 14-day cultured reconstructed tissue sheets (Fig. 5A-F [13] [14] [15] [16] [17] [18] [19] , PLGA or PLLA [20] and Gelfoam [22] (Fig. 3) . In 7-and 14-day cultured reconstructed tissue sheets, haematoxylin and eosin staining showed that reconstructed tissue sheets had alveolus-like structures (Fig. 4B and C [41] , alveolar epithelial [42] or renal proximal tubule cells [43] . Stretch also invokes a cascade of events that ultimately results in the cellular growth and tissue regeneration [44] . Therefore, with better nutrition exchange and static stretch, the seeding cells survived. Zimmerman et al. has exerted mechanical stretch in the reconstruction of engineered cardiac tissue [45] . Yet so far, no report is found on the use of static stretch in reconstructing distal lung tissues. Because the mechanical environment plays important role in the development, growth and maintenance of internal organs, static stretch shall be used widely in organ tissue engineering [46] .
we used mice foetal pulmonary cells (FPCs) as seeding cells to reconstruct lung tissues in vitro.
The dissociated FPCs used in this investigation represented a heterogeneous cell population that included epithelial cells, fibroblasts and smooth muscle cells, etc. The 2D condition provides the basis of 3D condition in the study of lung tissue engineering. We tested seeding cells cultured in 2D condition by immunohistochemistry (Fig. 1B-D). As shown in said pictures, primarily dissociated FPCs contained epithelial cells, fibroblasts and AE2 cells. AE2 cells play important roles in the repairs and regeneration of lung tissue. Normal repairs of the epithelial layer occur through the proliferation of alveolar type II cells. Their subsequent differentiation to alveolar type I cells is necessary for the proper lung function. So AE2 cell was nicknamed the stem cell-like population of the lung
In fact, the reconstructed tissue in vitro is different form native tissue in vivo. In our study, the results of immunohistochemistry showed that pan-CK-positive cells and SpC-positive cells decreased in 21-day-cultured lung tissue sheets (Fig. 5G and I [47] [48] [49] . So the function of vascularization on the reconstructed alveolus-like structure needs to be studied in the future, too.
The alveolus-like structure is promising in respiratory system, developmental biology and regenerative medicine as a research model in vitro. It may also be used to replace the damaged distal lung tissues of patients in the future.
